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(54) Method for recognizing the presence of sample fluid on a test strip by evaluating first and 
second derivatives 



(57) A method for determining the application of a 
sample fluid on an analyte strip using first and second 
derivatives. Sample fluid, such as whole blood, is ap- 
plied to a reagent matrix and sensor readings, such as 
reflectance readings or current readings, are taken of 
the fluid/reagent combination. The first and second de- 
rivatives of the sensor readings are calculated. A pre- 



determined incubation time period is begun at either a 
local minimum in the first derivative or a local maximum 
following a local minimum in the second derivative data. 
At the expiration of the incubation period, another sen- 
sor reading is taken which is indicative of an analyte con- 
centration in the sample fluid (such as glucose concen- 
tration in a whole blood sample). 
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BACKGROUND OF THE INVENTION 
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fluid to be analyzed is applied to the test strip and the test strip is analyzed by the apparatus. In a preferred embodiment, 
the test strip comprises a single layer hydrophilic porous matrix 10 to which the chemical reagents are bound. The 
chemical reagents react with the analyte in the sample applied to the test strip in order to produce a dye that is char- 
acteristically absorptive at a wavelength other than the wavelength that the assay medium substantially absorbs. In 

5 other works, reaction of the chemical reagent with the analyte produces a color change in the sample. 

[0011] The reagent matrix 10 is coupled to the underside of an inert test strip carrier 12 containing an orifice 14 
therethrough. The analyte sample is applied to the orifice 14 and the apparatus analyzes the opposite side of the test 
strip by reflecting light from an LED 16 off of the bottom surface of the reagent matrix 10 and sensing the amount of 
reflected light with a photodiode 18. It is therefore necessary for the sample to diffuse through the test strip prior to 

10 being analyzed. In such systems, the amount of time that the analyte is allowed to react with the reagent prior to 
measurement of a color change is critical to the accuracy of the measurement. The beginning of this "incubation period" 
must be measured as precisely as possible. In the Phillips et al. patent, as the analyte sample penetrates the reagent 
matrix 10 and wets the bottom surface, an initial change in reflectance of this measurement surface occurs. The ap- 
paratus detects this change in reflectance by sensing a decrease in the amount of light reflected to the photodetector 

is 1 8. The apparatus then begins the incubation period upon detection of this change in reflectance. After a predetermined 
incubation time period, during which the sample containing the analyte reacts with the reagent chemicals in the matrix 
10, a second reflectance measurement is made in order to determine the color change in the sample. By accurately 
measuring the beginning of the incubation period and the time delay before measurement, the accuracy of the apparatus 
is greatly improved over prior methods. 

20 [0012] As shown in FIG. 2, the Phillips et al. method could also be adapted to an electrochemical measurement 
system, in which changes in conductivity of the reagent pad 10 are measured by a current meter 20. Two electrodes 
22, 24 are placed in contact with the reagent pad 10 and a voltage source 26 is coupled across the electrodes 22, 24. 
The amount of current measured by the current meter 20 is directly proportional to the conductivity of the reagent pad 
10, which conductivity changes as the blood glucose reacts with the reagent. 

25 [001 3] Because the start of the incubation period in the Phillips et al. method begins with a determination that surface 
wetting of the underside of the reagent matrix 10 has occurred (in the embodiment of FIG. 1), the processing circuitry 
coupled to the photodetector 18 must have some method for determining when the reflectance measurements indicate 
surface wetting. Referring to FIG. 3, there is shown a graph of remission (percent reflection) v. the apparatus system 
time (in which one unit of system time equals .25 seconds of actual time). As can be seen from the graph, the reflectivity 

30 of the reagent matrix 1 0 prior to sample application is a constant value (approximately 8B%). After sample application, 
the reflectivity of the underside of the reagent matrix 10 steadily drops as the sample fluid migrates to the underside 
of the reagent matrix 1 0. The remission also drops due to a color change in the reagent caused by reaction with the 
analyte sample. At some point, the analyte fluid has reached the undersurface of the reagent matrix 10 and further 
drops in remission are caused only by color change of the reagent. The prior art method analyzes this data in order to 

35 make a determination of when surface wetting has occurred on the underside of the reagent matrix 10. This determi- 
nation is made by sensing when the remission value has dropped by a predetermined, fixed amount from its steady 
state value prior to sample application. For example, in one commercial version of this prior art system, surface wetting 
is assumed to have occurred when the remission value drops by approximately 38% (i.e. when a remission value of 
50% is observed). When this change in remission (or WR) is observed, the prior art device starts the timing of the 

40 incubation period, after which the sample measurement will be made. 

[0014] As shown in FIG. 4, the prior art Phillips et al. method can be adapted to the electrochemical sensor apparatus 
of FIG. 2, since the measured current exhibits a sharp increase upon application of the sample. The start of the incu- 
bation period may therefore be started when the current increases by more than a predetermined, fixed amount. 
[001 5] The prior art method described in Phillips et al. suffers from the problem that the start of the incubation period, 

<s by using a fixed reflectance drop, must be tailored to a specific chemistry. A changing in the base reflectance, such as 
may occur for different enzymes or indicators, requires a predetermination of the fixed reflectance drop. In this sense, 
a given fixed drop is not generally applicable to different systems. 

SUMMARY OF THE INVENTION 

so 

[0016] The present invention relates to a method for determining the application of a sample fluid on an analyte strip 
using first and second derivatives. Sample fluid, such as whole blood, is applied to a reagent matrix and sensor readings, 
such as reflectance readings or current readings, are taken of the fluid/reagent combination. The first and second 
derivatives of the sensor readings are calculated. A predetermined incubation time period is begun at either a local 
ss minimum in the first derivative or a local maximum following a local minimum in the second derivative data. At the 
expiration of the incubation period, another sensor reading is taken which is indicative of an analyte concentration in 
the sample fluid (such as glucose concentration in a whole blood sample). 

[0017] The present invention provides a method which is more generally applicable to different systems. By keying 
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which is independent of the magnnude d the vana^ 

such as measured in an el^rochem-calsystem ^ 

physics of the strip. ^.hnrifnrrietermininaastartof reaction timing for measurement of a reaction 

[001 8] In one form of the invention, a method for determining a sian h t at jnteiva |s prior 

L Jen a sampie fluid and a reagent is disclosed W«»JJ*« h me 9 asuring tne reage nt/ 
to application of the sample fluid to the , reagent; b) \ t ^^^^^ d J^^ nM B U immA^ 
samplefluidcombfcation at interval ^P-^^.^^J^S first derivative data; f) beginning a 
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prior to applicatton of the sample fluid to the reagent, b) appfy ng the samp* flmot * o( ^ meas . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] FIG. 8 is a graph of remission at start v. sample number. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0028] Fortnepurposesofpromotinganunde^ 

o the embodiment illustrated in the drawings and specific anguag £££££££ alterations and further 
theless be understood that no limitation of the scope i of the ^^"J^™ of the inven tion as illustrated 
modifications in the illustrated device, and such further ap k ^ * ™ to which the invention relates, 
therein being contemplated as would wrth a predetermined drop 

[0029] F.G. 5 il.ustrates the P*"^££2 %£Zgi exhib* the general shape o, the 

in remission. It is characteristic of remission v. time data for a ^wno k illustrating 

curve of FIG. 3. However, FIG. 5 plots the remission v ^ data to £J^J££ me rT , jnimum remission value is 
that the minimum remission value and t e speed w, ^^jJ^SSitta within the sample. Therefore, 
highly variable and dependent upon several factors ,ncl " d ' n 9 ^ 9 ' U jncubatjon peri od may work well when the 
while picking a predetermined drop in remiss JU well when the remission v. 
remission v. time graph has the expected form (as ,n Fl f ^'s method may ^ rq g . g 

time graph for different glucose ««, ^^^J^^ of this figure. In fact, one of the 
not effective for the varying curves of Fl ?" uti | izjng a predetermined drop in remission at the 

remission v. time curves never reaches the 5a J?T^~io* test scenarios. For the chemistry of FIG. 5 it 

lots could require n different "predetermined" drops. 
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[0030] The present invention relies upon an analysis of the first and/or second derivatives of the remission v time 
data in order to determine the start of the incubation period. FIG. 6 illustrates both the first derivative and the second 
derivative of the remission v. time data of FIG. 3. The first derivative data (dR(t)/dt) is a measure of the speed at which 
the remission value is changing v time. The second derivative data (o^Rftydt 2 ) is a measure of the acceleration or 

s deceleration of the first derivative speed. The shape of the graphs in FIG. 6 is characteristic for remission data taken 
from whole blood samples. No matter how steep or how shallow the remission v. time curve, the first derivative data 
will always exhibit a well-defined minimum before leveling off to a value which is substantially zero. Additionally, the 
second derivative data will always exhibit a well-defined minimum followed by a well-defined maximum before leveling 
off to a value which is substantially zero. The present invention utilizes this consistent behavior in the second derivative 

to data in order to identify the start of reaction timing (i.e. the start of the incubation period). The start of reaction timing 
is established at the peak of the local maximum in the second derivative data (which closely coincides with the maximum 
in the second derivative data), as illustrated in FIG. 6. Alternatively, acceptable results can often be obtained by starting 
the reaction timing at the minimum in the first derivative data, thereby obviating the need for the apparatus to calculate 
the second derivative data and reducing processor overhead. 

is [0031] The second derivative method of the present invention represents an improvement over the prior art method 
that measures wetting of the undersurface of the reagent matrix. Because the second derivative method analyzes the 
dynamic change of the remission values, color development within the reagent matrix plays an important role in locating 
the maximum in the second derivative. When using the second derivative method of the present invention, one can 
clearly see changes in the established start time of the incubation period as a function of glucose concentration. When 

20 only sensing wetting of the undersurface of the reagent matrix, as in the prior art method, the glucose concentration 
of the analyte sample has no effect on the establishment of the start of reaction timing. This is why the prior art method 
does not perform well in the situation illustrated in FIG. 5. However, the second derivative method of the present 
invention performs well in establishing the start of reaction timing for whole blood samples having a broad range of 
glucose concentrations because the present method relies upon color development within the testing reagent to effect 

zs the dynamics of the rate of change of the remission values, and hence the establishment of the start of reaction timing. 
[0032] Referring to FIG. 7, there is illustrated both the first derivative and the second derivative of the electrochemical 
sensor data of FIG. 4. As can be seen, the data of FIG. 7 exhibits the same shape characteristics as the data of FIG. 
6, therefore the first and second derivative methods for determining the start of the incubation period described here- 
inabove can be applied equally well to the eletrochemical sensor data. 

30 [0033] It will be appreciated by those skilled in the art that, rather than initiating the incubation period based upon a 
predetermined drop in remission (when using a reflectance measurement apparatus), the method of the present in- 
vention measures the speed of change in the reflectance readings and begins the incubation period when the speed 
of change in the reflectance readings begins to slow down. It is this feature that allows this method of the present 
invention to accurately predict the start of reaction timing for samples having a wide variance in glucose concentrations. 

35 Because the start of reaction timing in the present invention is initiated upon the occurrence of a local maximum in the 
second derivative data, the difference in the remission data from the initial reading to the reading at the start of reaction 
timing will therefore not be a constant value as with the prior art predetermined-drop method. Instead, use of the second 
derivative method of the present invention will produce different values of remission at the start of reaction timing 
depending upon the actual shape of the remission v. time curve. In other words, although the start of reaction timing 

40 for any remission v. time curve will occur at the local maximum point at the second derivative, these starting points do 
not correspond to any consistent amount of drop in remission value from the initial reading to the reading at the start 
of reaction timing. This is plainly demonstrated in the results of the following test. 

[0034] Data from 19 separate runs was used for this test. Test conditions for the different test runs were varied in 
order to simulate expected variations in glucose concentration, hematocrit levels, dosage volume and temperature. 
45 The composition of the samples applied to the test strips is summarized in Table I. 



Table 1 . 



Test Sample Composition 


No. of Data Points 


Glucose Spike (mg/dcl) 


Hematocrit (%) 


Dose Volume (ml) 


Blood Temp. (°C) 
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The centre, sdution was a mixture e, BSA and electrolytes, spiked w*h glucose. The blood samp.es (and the centre, 
sample) were applied to the test strips us,ng a P'P°"°; ref|ectance tes t meter coupled to a computer that 

Ln, M etad time «Mn » •«"«« °' r3^TS to «* ol t- 1« ™» 

by . local max»™m Tl» et.d «~ ' f " BM ^" "* M „pod the actual «nut» «*», 

(0037) Beoue. w*«lon period star, n « the present ijwnBcn s h« P^ ffi9 tf „ 

bthihelecatiponmer.t.oltf.noeo.^ 

unpredictable. Ae aunud ie Figure 8. the eler. mm (a uaMor.0. 27% remieeioo). 

Iorea*olthe19t.»l.u»eoce»dedat...m^ 

invention are desired to be protected. 



Claims 

1_ A method ,or determining a star, ot reaction timing tor measurement ot a reaction between a sample fluid and a 
reagent, comprising the steps of: 

a) measuring the reagent at intervals prior to application o, the sample fluid to the reagent; 

2 The method of claim 1 , wherein the sample fluid is whole blood. 

to an amount ot glucose in the whole blood. 
4 The method o, Calm 1 , wherein step (a) comprises measuring an amount ot light reflected from the reagent. 

, 5. Themethodofclaimt.wherein^^ 
sample fluid combination. 

6. The method o, cfcim 1 , wherein step (a) comprises measuring an amount o, current f.ow.ng through the reagent. 
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7. The method of claim 1 , wherein steps (c) and (g) comprise measuring an amount of current flowing through the 
reagent/sample fluid combination. 

8. The method of claim 1 , wherein the intervals are fixed intervals. 

5 

9. A method for determining a start of reaction timing for measurement of a reaction between a sample fluid and a 
reagent, comprising the steps of: 

a) measuring the reagent at intervals prior to application of the sample fluid to the reagent; 
10 b) applying the sample fluid to the reagent: 

c) measuring the reagent/sample fluid combination at intervals after performing step (b); 

d) calculating a second derivative of the measurement data taken at steps (a) and (c); 

e) determining a location of a local maximum following a local minimum in the second derivative data; 

f) beginning a predetermined time period at a time corresponding to the local maximum; and 

15 g) measuring the reagent/sample fluid combination after expiration of the predetermined time period. 

10. The method of claim 9, wherein the sample fluid is whole blood. 

11. The method of claim 10, wherein the reagent reacts with the whole blood to produce a color change in proportion 
20 to an amount of glucose in the whole blood. 

12. The method of claim 9, wherein step (a) comprises measuring an amount of light reflected from the reagent. 

1 3. The method of claim 9, wherein steps (c) and (g) comprise measuring an amount of light reflected from the reagent/ 
25 sample fluid combination. 

14. The method of claim 9, wherein step (a) comprises measuring an amount of current flowing through the reagent. 

15. The method of claim 9, wherein steps (c) and (g) comprise measuring an amount of current flowing through the 
30 reagent/sample fluid combination. 

16. The method of claim 9, wherein the intervals are fixed intervals. 
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